Introduction
The disease burden of chronic obstructive pulmonary disease (COPD) is increasing worldwide with the aging of the population and patterns of exposure to risk factors, which is of major economic concern.
1,2 COPD is predominantly caused by smoking, but other factors, particularly occupational exposures, may also contribute to the development of COPD. It is preventable and treatable; therefore, the importance of early detection and treatment has been emphasized. In Japan, several surveys to estimate the prevalence of airflow limitation have been done, though only spirometry testing without reversibility testing was performed in these surveys. A large-scale epidemiological survey was performed in the year 2000 which reported that 10.9% of subjects aged 40 years or above exhibited airflow limitation and at least 8.6% were thought to have COPD if potential asthma patients were excluded. 7 Among the subjects with airflow limitation, only 9.4% reported a previous diagnosis of COPD. Another study showed that the prevalence of airflow limitation among subjects undergoing comprehensive health examination aged 40-69 years in Japan was 7.0%. 8 Minakata et al 9 reported that the prevalence of airflow limitation among outpatients aged 40 years or above who visited primary care clinics in Japan was 11.2%, including 10.3% of COPD if potential asthma patients were excluded. The most recent large-scale survey to estimate the prevalence of airflow limitation in Japan was done in 2004 8 and there is only limited information on the current situation.
In primary care clinics in Japan, spirometry is not used frequently, which may be leading to an underdiagnosis of airflow limitation. 10 However, comprehensive health examination in Japan has spirometry testing as a required item, 8, 11 and this setting can, therefore, be used to collect spirometry data in a systematic way along with other clinical characteristics among healthy subjects. There are two types of annual health examinations in Japan, "comprehensive health examination" and "general health examination", targeting healthy subjects, in order to detect potential health risks at an early stage. General health examination is legally required for employees to undergo annually, while comprehensive health examination is for people to participate voluntarily and covers broader range of test items including spirometry testing.
The aim of this survey (Survey of Chronic Obstructive pulmonary disease Patients Epidemiology in Japan [SCOPE-J]) was to estimate the prevalence of airflow limitation on a large scale with over 20,000 subjects undergoing comprehensive health examination in multiple regions of Japan. Since spirometry in comprehensive health examination without reversibility testing is not for definitive diagnosis of COPD but for screening subjects at risk of COPD, subjects found to have airflow limitation include patients with asthma or other respiratory diseases as well as COPD. However, spirometry in comprehensive health examination may still have the merit to provide good estimate for the prevalence of airflow limitation in a large-scale population. Also, it may be informative to show what proportion of subjects with airflow limitation has been diagnosed with COPD, in order to know whether significant number of COPD patients remain undiagnosed. In our survey, subjects were asked to complete the COPD Assessment Test (CAT) questionnaire, 12 not for diagnosing COPD but for evaluating the presence of respiratory symptoms of cough, sputum, and breathlessness, by referring to responses in the CAT questionnaire. CAT was originally developed with the aim of developing better understanding among both COPD patients and physicians in daily clinical practice on how the condition of the disease was affecting health and daily living of the patients. Additionally, for research purposes, CAT has also been used in evaluating the respiratory symptoms of a wider population including healthy subjects 13 and non-COPD patients.
14

Subjects and methods study design and participants
This was a cross-sectional observational survey conducted in 14 centers in Japan. Subjects were recruited between December 2012 and August 2013. The target number of subjects was set at 20,000 considering the estimated prevalence of airflow limitation among healthy subjects to be 7%. 8 The survey population included male and female subjects aged 40 years or above who underwent comprehensive health examination in one of the 14 institutions located in Kanto, Chubu, Kinki, Chugoku, Shikoku, and Kyushu regions in Japan. Subjects were asked to volunteer for this survey, regardless of their smoking history, current respiratory symptoms, or history of respiratory diseases. Subjects who agreed to participate were included in this survey after obtaining their written informed consent. This survey was conducted according to the Helsinki Declaration in compliance with the "Ethical Guidelines for Epidemiological Research" (dated December 1, 2008) . The initial overall ethics approval was obtained from the Ethical Review Committee at the Kumamoto University.
Procedures
Spirometry was performed in each subject as a required item in the comprehensive health examination. Reversibility testing using a bronchodilator was not performed as it was deemed unacceptable by the Ethical Review Committee to perform in subjects who were attending for a routine health examination and not for diagnosis of COPD. The spirometer quality control and calibration were performed according to the current recommendations. 15 All the facilities for this survey belonged to Japan Society of Ningen Dock (Japanese language which refers to comprehensive health 16 In addition to spirometry, the following data were recorded: age, sex, height, body weight, body mass index, smoking history, histories of respiratory diseases, and CAT. History of disease included past diagnosis and current treatment. Among the subjects, current smokers and past smokers were classified as "smokers", regardless of pack-years in this survey.
statistical analysis
All data were processed and summarized by the use of Statistical Analysis System version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 22,293 subjects (14,013 [63%] males and 8,280
[37%] females) were enrolled in this survey ( Table 1 ). The mean age (±standard deviation) of the subjects was 54.7 (±9.6) years. A total of 26.8% of the males and 6.7% of the females were current smokers, while 42.0% of the males and 10.2% of the females were past smokers. Table 2 shows the age distribution by the sex of survey subjects and the Japanese general population. Both males and females in this survey were younger, compared to the Japanese general population. The proportion of males in this survey (62.9%) was higher than that of general population (46.9%).
Of the total 22,293 subjects, airflow limitation was most prevalent in subjects aged over 60 years (8.7%), but was also observed in subjects aged 50-59 years (3.1%) and 40-49 years (1.7%). Airflow limitation was more prevalent among males than among females in each age group. Overall prevalence was 4.3% (Table 3) . Among 529 subjects with airflow limitation who had a % predicted FEV 1 80% (at Stage II, III, or IV), most of the subjects were at Stage II (n=481) compared to Stage III (n=46) and IV (n=2). Among subjects with smoking history (n=10,981), airflow limitation was most prevalent in subjects aged over 60 years (12.8%), but was also observed in subjects aged 50-59 years (4.4%) and 40-49 years (2.2%). Airflow limitation was more prevalent among males than among females in each age group among smokers as well. Overall prevalence was 6.1% (Table 4) . Age-sex-specific and overall prevalence of airflow limitation among the smokers was higher than that of the total subjects. The majority of the smokers with airflow limitation who had a % predicted FEV 1 80% (n=386) were at Stage II (n=347), compared with Stage III (n=39), and no smokers were at Stage IV. Among the smokers in this survey, 93.4% of subjects with airflow limitation and 91.8% of subjects without airflow limitation reported on the CAT score that they had at least one of the respiratory symptoms of cough, sputum, and breathlessness.
Among the smokers with airflow limitation, only 9.4% (n=63/667) had been previously diagnosed with COPD or emphysema (Table 5) . Also, 27.3% of the smokers had been diagnosed with respiratory diseases other than COPD/ emphysema, which included bronchial asthma, pneumonia, and chronic bronchitis. On the other hand, among the smokers without airflow limitation, 1.4% had been diagnosed with COPD/emphysema and 13.3% had been diagnosed with other respiratory diseases.
The proportion of subjects who reported CAT scores of 11 or higher among smokers with airflow limitation (25.6%) was higher than that among smokers without airflow limitation (22.2%); however, the distribution of CAT scores in the two groups was not much different (Table 6) .
Discussion
This large-scale cross-sectional Japanese survey estimated the prevalence of airflow limitation among subjects aged 40 years or above who were undergoing comprehensive 
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Airflow limitation in healthy subjects in Japan health examination. The prevalence in people aged over 60 years reached 8.7% of the total subjects and 12.8% among smokers, and airflow limitation was observed in 40s and 50s as well, though their prevalences were lower than that of people aged over 60 years. The prevalence of airflow limitation was estimated in various settings in previous studies conducted in Japan. Fukuchi et al 7 recruited subjects from the general population by randomly contacting them by telephone and inviting them to attend the clinics for spirometry testing; Minakata et al 9 recruited patients who visited primary care clinics to treat diseases other than respiratory diseases; and Omori et al 8 approached subjects undergoing comprehensive health examination. Since comprehensive health examination provides us with a good opportunity to collect spirometry data in a systematic way from healthy subjects, we have also approached this setting in this survey. Subjects undergoing comprehensive health examination are mostly company employees with the financial support of companies and partly nonemployee community residents, including elderly people, with the financial support of municipalities, and thus, age and sex distribution of the subjects is skewed toward younger ages and men, compared to the general population (Table 2 ). Since the prevalence of airflow limitation was higher in the older age group and among men as shown in previous studies, 7, 8 we need to interpret the overall prevalence of airflow limitation in this survey by considering age and sex distribution attributable to the setting of comprehensive health examination. Even with the skewed age and sex distribution, comprehensive health examination is a unique setting that enables us to collect spirometry data routinely from subjects, regardless of existence of respiratory symptoms, and may be a good opportunity to screen subjects at risk of COPD. The present study demonstrated that 9.4% of the smokers with airflow limitation had been diagnosed with COPD/emphysema and 27.3% of them had been diagnosed with other respiratory diseases. Remaining 63.3% had not been diagnosed with any respiratory diseases, but some of them could be found to have any respiratory diseases (including COPD and asthma), if they had further detailed examination to receive a definitive diagnosis. Also, among 27.3% of them who had been diagnosed with respiratory diseases other than COPD/emphysema, some patients could be found to have comorbid COPD/emphysema after detailed examination, since asthma and COPD can coexist. It is known that untreated COPD can result in substantial loss of functional status in affected patients and can also contribute to increased costs of care by delaying treatment until the disease becomes more advanced and by missing the opportunity to reduce the risk of costly exacerbations. 17 Early diagnosis promotes early intervention before the burden of COPD on the society becomes more substantial. Recent publications demonstrate that earlier intervention could reduce the decline in FEV 1 . 18 Conclusively, earlier diagnosis and intervention could improve the prognosis of COPD for individual patients and reduce the disease burden of COPD on the society.
Past surveys to estimate the prevalence of airflow limitation in Japan approached healthy subjects or outpatients aged 40 years or above and found airflow limitation in people in their 40s, though the prevalence was lower than in older age groups. [7] [8] [9] 14 This survey also targeted subjects aged 40 years or above. Since earlier diagnosis is a key for reducing the disease burden of COPD, the prevalence data in 40s could be informative. Spirometry without reversibility testing could include overestimated cases of true airflow limitation due to confounding factors such as common cold, recent history 
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Omori et al of occupational exposure, or air pollution, but the risk for overestimation of true airflow limitation could be applicable to all age groups. Under-recognition may contribute to underdiagnosis of COPD. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) Japanese Committee demonstrated that the awareness of COPD by the public increased from 17.1% in 2009 to 30.5% in 2013 by approaching 5,000 men and 5,000 women aged between 20s and 60s by random selection from the panel and examining the number of survey participants who had knowledge about COPD or who knew the name COPD. 19 Our results suggest that early diagnosis of COPD is still challenging, even with the partial increase in the awareness of COPD. The awareness may need to be further increased in order to promote early diagnosis of COPD.
It was reported that the proportion of subjects who had a further medical consultation based on the results of comprehensive health examination varied depending on the examination items. 20 The proportion was relatively high for some examination items (92.6% for pancreas echo pattern, 80.6% for renal function, and 76.3% for heart function), while it was relatively low for those of lifestyle-related diseases, including blood pressure (44.8%), blood lipids (47.6%), and glycometabolism (58.1%). The proportion for spirometry went down as low as 38.3%. Thus, subjects identified as having abnormal spirometry results in comprehensive health examination may need to be proactively encouraged to have medical consultation for further examination leading to early diagnosis of COPD.
Presence of respiratory symptoms was explored by evaluation of responses to the CAT in this survey, and 93.4% of smokers with airflow limitation and 91.8% of smokers without airflow limitation had at least one of the respiratory symptoms of cough, sputum, and breathlessness. However, only 6.1% of the smokers had already developed airflow limitation. Distribution of CAT total score of smokers with airflow limitation overlapped very much with that of smokers without airflow limitation. These results suggest that CAT cannot be used to screen for COPD and spirometry is essential to make the diagnosis.
Cigarette smoking is well known as a major cause of COPD, with a higher prevalence of COPD reported among people with a high smoking index. 21, 22 In another study conducted in Japan, it was shown that cigarette smoking increases the risk of airflow limitation in a healthy Japanese population. 23 In our survey, the overall prevalence of airflow limitation in smokers was 6.1%. It was particularly high in subjects aged over 60 years (12.8%), but we identified 4.4% of subjects aged 50-59 years and 2.2% of subjects aged 40-49 years with airflow limitation. Although the smoking rate among Japanese males is gradually decreasing, it is still higher than that in Western countries. 24, 25 Recently, there has been some concern that the prevalence of COPD will increase among Japanese females, because the smoking rate has increased during a certain period in the youngergeneration females. 24, 25 Smokers are at risk of COPD and may need to have periodic COPD screening by spirometry followed by medical consultation if abnormal spirometry results are found.
The strength of this survey is estimating the prevalence of airflow limitation and the proportion of undiagnosed subjects with COPD by conducting a large-scale survey targeting multiple regions in Japan. All the facilities in this survey belong to Japan Society of Ningen Dock (Japanese language which refers to comprehensive health examination) which provided standardized and high quality of spirometry testing. One of the limitations of this survey is that age and sex distribution of subjects differs from that of general population because of the setting of comprehensive health examination, and the survey results need to be interpreted by considering this point. Another limitation is that spirometry in comprehensive health examination without reversibility testing is not used for definitive diagnosis of COPD, but for screening subjects at risk of COPD, and thus, subjects found to have airflow limitation include patients with asthma or other respiratory diseases as well as COPD. Detailed examination after comprehensive health examinations is needed for definitive diagnosis of COPD by performing reversibility testing, collecting information on symptoms, and giving differential diagnoses of other respiratory diseases. Even with this limitation, spirometry in comprehensive health examinations may have the merit to provide good estimate for the prevalence of airflow limitation in a large-scale population.
Conclusion
Among smokers undergoing comprehensive health examination, prevalence of airflow limitation reached 12.8% in those aged over 60 years and airflow limitation was observed in those in their 40s and 50s as well, though their prevalence was lower than that of those over 60. We demonstrated that significant proportion of smokers with airflow limitation had not been diagnosed with COPD/emphysema, suggesting that some of them can be diagnosed with COPD or other respiratory diseases by detailed examination after comprehensive health examination. Screening for subjects 
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Airflow limitation in healthy subjects in Japan at risk of COPD by spirometry in comprehensive health examination starting at age 40, followed by the detailed examination may be an effective approach to increase the diagnosis of COPD.
